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SYSTHESIS AND ENGINEERING OF DIAMOND FOR 
NANOELECTRONICS, PHOTONICS AND QUANTUM 

INFORMATION PROCESSING 
 

RESEARCH ACCOMPLISHMENTS 
AFOSR #FA9550-09-1-0540 

 
• Engineering spins in diamond with nanometer-scale precision 
The excellent spin properties of the diamond nitrogen-vacancy (NV) center motivate 
many applications from sensing to quantum information processing. Still, external 
electron and nuclear spin sensing are limited by weak magnetic dipole interactions, 
requiring NVs be within a few nanometers of the surface and retain long spin coherence 
times (T2). We report a nitrogen delta-doping technique to create artificial NVs meeting 
both these requirements. Isotopically pure 15N2 gas is briefly introduced to form a thin N-
doped layer (1-2 nm thick) during chemical vapor deposition of a diamond film. Post 
growth electron irradiation creates vacancies and subsequent annealing forms NVs while 
mitigating the crystal damage. We identified doped NVs by the characteristic hyperfine 
signature of the rare 15N isotope in electron spin resonance measurements. We confirm 
the doped NV depth dispersion is less than 4 nm by doping NVs in the 12C layer of an 
isotopically engineered 13C/12C/13C layer structure and probing the coupling between the 
doped NVs and the 13C nuclear spins.  Furthermore, using a second Carbon ion-
implantation technique, spins have been formed a few nanometers from the surface while 
preserving the coherence times in excess of  750 μs at room temperature. 
 
• Epitaxial growth of ferromagnetic EuO on diamond 
We report the epitaxial integration of phase-pure EuO on both single-crystal diamond and 
on epitaxial diamond films grown on silicon utilizing reactive molecular-beam epitaxy. 
The epitaxial orientation relationship is (001) EuO ‖ (001) diamond and [110] EuO ‖ 
[100] diamond. The EuO layer is nominally unstrained and ferromagnetic with a 
transition temperature of 68 ± 2 K and a saturation magnetization of 5.5 ± 0.1 Bohr 
magnetons per europium ion on the single-crystal diamond, and a transition temperature 
of 67 ± 2 K and a saturation magnetization of 2.1 ± 0.1 Bohr magnetons per europium ion 
on the epitaxial diamond film. 
 
•  Fluorescence thermometry using the quantum coherence of single spins in diamond 
We demonstrate fluorescence thermometry techniques with sensitivities approaching 10 
mK⋅Hz−1/2 based on the spin-dependent photoluminescence of nitrogen vacancy (NV) 
centers in diamond. These techniques use dynamical decoupling protocols to convert 
thermally induced shifts in the NV center's spin resonance frequencies into large changes 
in its fluorescence. By mitigating interactions with nearby nuclear spins and facilitating 
selective thermal measurements, these protocols enhance the spin coherence times 
accessible for thermometry by 45-fold, corresponding to a 7-fold improvement in the NV 
center’s temperature sensitivity. Moreover, we demonstrate these techniques can be 
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applied over a broad temperature range and in both finite and near-zero magnetic field 
environments. This versatility suggests that the quantum coherence of single spins could 
be practically leveraged for sensitive thermometry in a wide variety of biological and 
microscale systems. 
 
• All-optical control of a single solid-state spin using coherent dark states 
The study of individual quantum systems in solids, for use as quantum bits (qubits) and 
probes of decoherence, requires protocols for their initialization, unitary manipulation, 
and readout. In many solid-state quantum systems, these operations rely on disparate 
techniques that can vary widely depending on the particular qubit structure. One such 
qubit, the nitrogen-vacancy (NV) center spin in diamond, can be initialized and read out 
through its special spin-selective intersystem crossing, while microwave electron spin 
resonance techniques provide unitary spin rotations. Instead, we demonstrate an 
alternative, fully optical approach to these control protocols in an NV center that does not 
rely on its intersystem crossing. By tuning an NV center to an excited-state spin 
anticrossing at cryogenic temperatures, we use coherent population trapping and 
stimulated Raman techniques to realize initialization, readout, and unitary manipulation 
of a single spin. Each of these techniques can be performed directly along any arbitrarily 
chosen quantum basis, removing the need for extra control steps to map the spin to and 
from a preferred basis. Combining these protocols, we perform measurements of the NV 
center’s spin coherence, a demonstration of this full optical control. Consisting solely of 
optical pulses, these techniques enable control within a smaller footprint and within 
photonic networks. Likewise, this unified approach obviates the need for both electron 
spin resonance manipulation and spin addressability through the intersystem crossing. 
This method could therefore be applied to a wide range of potential solid-state qubits, 
including those which currently lack a means to be addressed. 
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